T he term "Mahaim fiber" has been used to refer to accessory pathways thought to originate from the atrioventricular node and insert at or adjacent to the distal right bundle branch (nodofascicular fiber) or the ventricle near the tricuspid annulus (nodoventricular fiber).l-5 Recently, several studies have demonstrated that these pathways usually do not originate from the atrioventricular node but instead originate from the atrial free wall.6-9 Properties of these unique accessory pathways include conduction only anterogradely, participation as the anterograde limb in antidromic atrioventricular reciprocating tachycardia, decremental conduction (conduction delay at increasing rates), and right-sided locations so that preexcited QRS complexes have a left bundle branch block morphology. Therapeutic approaches to patients with Mahaim fibers have included pharmacological therapy,10 His Mahaim fibers * accessory pathways * ablation, bundle ablation,11 surgical ablation of the accessory pathway,8'9 direct current catheter ablation of the ventricular insertion of the accessory pathway,12 and radiofrequency catheter ablation of the atrial insertion of an atriofascicular connection in a single patient. 13 In the present report, we describe a series of four patients whose Mahaim fibers were eliminated by radiofrequency catheter ablation targeted to the tricuspid annulus. Three patients had atriofascicular connections, and one patient had an atrioventricular connection.
Methods

Patient Characteristics
Between April 1990 and March 1992, four patients who had atriofascicular or atrioventricular pathways that met the above criteria for Mahaim fibers were referred to our institution for accessory pathway ablation (Table 1 and Figure 1 ). All patients had recurrent syncope or presyncope during tachycardia despite antiarrhythmic drugs targeting either the atrioventricular node or the accessory pathway.
Electrophysiological Study and Ablation Procedure
The patients were studied in the postabsorptive state at least five half-lives after discontinuation of all antiarrhythmic medications. Patients were sedated with midazolam, fentanyl, and promethazine. Electrode catheters were positioned in the high right atrium, His bundle region, right ventricular apex, and coronary sinus. Programmed electrical stimulation was performed using atrial and ventricular pacing at increasing rates until atrioventricular or ventriculoatrial block and/or as many as three atrial or two ventricular extrastimuli at three drive cycle lengths (600, 500, and 400 msec) were delivered. Rectangular stimuli were twicediastolic pacing threshold and of 2-msec duration. Isoproterenol (1-2 ,ug/min i.v.) was infused in patients 2, 3, and 4 to sustain tachycardia.
The presence and participation of the accessory pathways in the tachycardia were then defined by demonstrating an increase in the interval between the atrial deflection and the delta wave and the merging of the His deflection with the QRS complex during atrial pacing at increasing rates, a reversal of the sequence of His bundle activation during maximal preexcitation and reciprocating tachycardia (see "Results"), lack of retrograde conduction over the accessory pathway, and a left bundle branch block morphology of the preexcited QRS complexes. Accessory pathway conduction properties and refractory periods were determined. Maximally preexcited ECGs during atrial pacing were obtained to confirm that the QRS complexes were identical to those during tachycardia ( Figure 2 ). The sequence of atrial and His-Purkinje activation during tachycardia was determined. Adenosine (12 mg) was administered during tachycardia in three of the four patients to terminate it and determine the location of adenosine-induced block.
Once the diagnosis of a tachycardia mediated by an atriofascicular or atrioventricular fiber was demonstrated by the above criteria, a large-tip deflectable (Polaris) electrode catheter (7F; distal electrode length, 4 mm; surface area, 27 mm2; Mansfield-Webster catheters, Boston Scientific, Watertown, Mass.) was introduced into a femoral vein and advanced to the right atrium or ventricle to map the ventricular insertion of the accessory pathway to allow differentiation of atrioventricular from atriofascicular connections.
The ablation catheter tip location was confirmed using right anterior oblique, left anterior oblique, and anteroposterior radiographic views. Radiofrequency current (unmodulated continuous sine wave, 500 kHz) was generated by a power source ( The tachycardia had a left bundle branch block contour in each patient ( Figure 1 ). The frontal plane axes of tachycardia ranged from -25°to -50° (Table 1 ) and were not helpful in differentiating the atrioventricular from the atriofascicular pathways. Adenosine, administered during tachycardia in patients 1, 2, and 4, terminated tachycardia via anterograde block in the accessory pathway in all instances (Table 1 and Figure 3) .
The cycle length of tachycardia ranged from 300 to 320 msec. The ventricular insertion site was in the region of the distal right bundle branch in patients 1, 3, and 4. The ventricular insertion site was at the tricuspid annulus in patient 2. The atrial insertion site was in a right lateral location in patient 1, right posterolateral location in patients 2 and 3, and right posterior location in patient 4.
In no patient was there evidence for ventricular preexcitation during sinus rhythm ( Figure 2 ). During atrial pacing at increasing rates, the His potential merged with the ventricular complexes, which became preexcited. Further, during tachycardia an atriofascicular connection was confirmed by early ventricular activation in the right ventricular apex near the distal insertion of the right bundle branch ( Figure 4) . Reversal of the His bundle activation sequence during tachycardia, such that the distal His bundle (or right bundle branch) was activated before the proximal His bundle (Figures 4 and 5) , confirmed that the tachycardia was truly antidromic and that the His bundle was being activated retrogradely.
In the patient with an atrioventricular accessory pathway (patient 2; Table 1 ), the tricuspid annulus was mapped during atrial pacing and tachycardia to determine the earliest site of ventricular activation (Figure 6a ). Once found, radiofrequency energy was delivered to the adjacent atrial side of the tricuspid annulus at this site.
The other three patients had atriofascicular connections. Mapping ventricular activation during atrial pacing or tachycardia in each of these patients demonstrated late ventricular activation at the tricuspid annulus and early ventricular activation at the right ventricular apex ( Figure 7 ). The atrial insertion site of the accessory pathway was identified in patient 1 by introducing atrial premature complexes at the tricuspid weeks after the ablation session in all four patients. A annulus during tachycardia to determine the site from which the latest atrial premature complexes preexcited the ventricle without advancing the atrial electrogram recorded from the His bundle region ( Figure 7 ). This site was presumed to be the atrial insertion site of the accessory pathway.
Radiofrequency energy was then delivered to this region at the tricuspid annulus ( Figure 8 ). In patients 3 and 4, the atrial insertion was localized to the site where the shortest interval between atrial activation during constant atrial pacing (from various regions of the right atrium at the tricuspid annulus) and the onset of the delta wave could be obtained, with radiofrequency energy then targeted to these regions.
In patients 1 and 2, radiofrequency energy was delivered during tachycardia. The efficacy of the radiofrequency pulse delivery was determined by termination of the tachycardia due to anterograde block in the accessory pathway ( Figure 8 ). In patients 3 and 4, radiofrequency current was delivered during sinus rhythm to enhance catheter stability. The success of the radiofrequency catheter ablation procedure was determined subsequently by demonstrating anterograde block over the accessory pathway and failure to initiate tachycardia.
The radiofrequency ablation catheter was positioned on the atrial side of the tricuspid annulus in patients 1, (Figures 9a and 9b) . In patient 2, the catheter was initially positioned on the atrial side of the tricuspid annulus (Figure 9c ), and the ablation procedure was initially successful. However, the tachycardia recurred Subsequently, the absence of accessory pathway conduction was confirmed by programmed stimulation techniques.
Follow-up The patients were followed for 15, 9, 6, and 2 months, respectively. No patient has had recurrent tachycardia. All patients have had repeat electrophysiological testing (Figure 7 ). In patients with atrioventricular connections, ventricular activation at the right ventricular apex is late during maximal preexcitation, and early activation can be recorded only from the right ventricle near the tricuspid annulus in the region of the accessory pathway insertion. The presence of an atriofascicular connection without retrograde conduction presents mapping difficulties. A previous study12 demonstrated that the ventricular insertion could be successfully and safely ablated with direct current shocks. The only complication in that study was the creation of permanent right bundle branch block in one of the three reported patients. However, when applied to the ventricle, direct current energy14,15 is potentially arrhythmogenic. Furthermore, ablation in this region also incurs the risk of creating retrograde right bundle branch block without eliminating the ventricular insertion of the atriofascicular connection. Were this to happen, the tachycardia mediated by the atriofascicular fiber could still occur, with the retrograde tachycardia circuit traversing the septum and the left bundle branch. This longer retrograde circuit could allow sufficient time for an incessant tachycardia to occur. Eliminating the atrial insertion of the accessory pathway with radiofrequency current avoids both of these risks. 8 . ECG from patient 1. Sustained tachycardia using the atriofascicularpathway anterogradely and the ventriculoatrial conduction system retrogradely is present. As radiofrequency current is delivered to the atrial side of the tricuspid annulus at the atrial insertion ofthe accessorypathway, tachycardia gradually slows and terminates within 3.5 seconds. This radiofrequencypulse eliminated accessory pathway conduction. deliver atrial extrastimuli, particularly during tachycardia, without the catheter moving. These methods are also confounded by the fact that changes in autonomic tone and heart rate can alter the conduction time in the decrementally conducting atriofascicular fibers, making reliable stimulus-to-delta wave measurements difficult to obtain over the course of a mapping procedure. In addition, the optimal ablation site may not be a location where adequate atrial pacing can be obtained. Although we did not attempt to record Mahaim potentials in these patients, there are two preliminary reports of such recordings.1617 Whether recording electrograms from Mahaim fibers would have shortened the time to achieve ablation success cannot be stated from this study.
Mapping and Ablation Approaches
An alternative approach to eliminating the atrial insertion of an atriofascicular connection is to empirically deliver short pulses of radiofrequency current at the tricuspid annulus in a region where stimulus-todelta wave mapping has grossly localized the atrial insertion of the accessory pathway, preferably during ventricular preexcitation (tachycardia or atrial pacing 
